University of Nebraska Medical Center

DigitalCommons@UNMC
MD Theses

Special Collections

1-1-1943

Etiology of nonunion following fractures
Stuart Douglas Campbell
University of Nebraska Medical Center

This manuscript is historical in nature and may not reflect current medical research and
practice. Search PubMed for current research.

Follow this and additional works at: https://digitalcommons.unmc.edu/mdtheses

Recommended Citation
Campbell, Stuart Douglas, "Etiology of nonunion following fractures" (1943). MD Theses. 1070.
https://digitalcommons.unmc.edu/mdtheses/1070

This Thesis is brought to you for free and open access by the Special Collections at DigitalCommons@UNMC. It
has been accepted for inclusion in MD Theses by an authorized administrator of DigitalCommons@UNMC. For
more information, please contact digitalcommons@unmc.edu.

ETIOLOGY OF NONUNION FOLLOWING FRACTURES

Stuart Douglas Campbell

Senior Thesis

Presented to
The College of Medicine
University of Nebraska
&&~&her E3, 1943

,.,, .c,~ ~,,,,t,1,~,i'"l?'_,.., f.....
J)
,;;;. •._.,•,~.-

It

TABLE OF CONTENTS

Chapter

Title

III

.......................
.............
Definition of Nonunion
. . . . . ........ .
Diagnosis of Nonunion
. . . . . . . . . . ............... .
Incidence

IV

The Nor~al Process of Fracture Repair •.

15

V

Pathology of Nonunion

............. .

29

VI

Etiologr of Nonunion

32

VII

Local Factors

................
.......... .......... .

Introduction

I

II

"

Destruction of Nerve Supply
Injudicious OperR.t i ve Procea_ures ••
Local Infectious Processes

•.••

. . . . ..

Interposition of Tissues

1

4-

6

37
3s
39
4-1

..

Separation of Fragments

. . .. . . .

4-6

Anatomical Peculiarities

......

4-g

Circulatory Disturbances

. .. . . .

4-9

.....

53

Inadequate Immobilization

IX

3

4-3
4-l!.

Massive Destruction of Tissue

VIII

l

..............
Summary
. . ......................... .
Bibliography
.......................
Treatment of Nonunion

59
62
64

48136'/

1.

INTRODUCTION

Among the numerous complications following
fre.ctures, few, indeed, have provoked the sU!"geon as consistently and de!iantly as nonunion.

For years it has

recisted the curative measures of the most eble practitioners.

The countless number of there.peutic procedures

which have been instituted through the yea.rs reflect the
inefficacy of man's attempts to cope with this situation.
The 11 terature a.bounds with articles devoted to the discussion of the causative factors, many of which have been
handed down for generations and accepted by the surgeo~s:
merely for want of better explanations.
The more recent advances of science in the
realm of research have enabled the practising physician
and surgeon to approach this problem of nonunion in a
more rational manner.

The recent contributions to the

study of bone growth and repair by the histologist, biochemist ecnd physiologist has laid a new foundation upon
which the study of nonunion must be based if e. sstisfactory solution of this problem is to be found.

Remark-

able progress has been made along these lines in the
last few years, but there is still much to be lee.rned.
In the pages that follow an attempt will be
ma.de to pre sent this problem in several of its many

2.

INTRODUCTION
aspects.

The chief concern of the author, however, is

the factors reoponsible for the production of the soca.lled fibrous nonunion.

No original contribution will

be made except an e.ndeavor to evaluate the e.vailable
pertinent literature.

'

3.

DEFINITION OF NONUNION

A stc1te of nonunion following fracture is
generally considered to exist when the~e is free motion
between the fragments at the end of six months.

However,

there is no arbi tra.ry time when dis tine tion can be me.de
between delayed and nonunion.

If stability ~radually in-

creases and there 1s evidence, both clinically and roentgenographically, that repair has not cee.sed, union should
be regarded as delayed.

On the other·hand, if e station-

ary perioii has been ree.ched from the standpoint of both
clinical and roentgenographical flndin~s, the fracture
may be designRted as nonunion, (Campbell 1932, 1939).
Time is not the determining :'actor.

Delayed union may

be present after six months or even a year, while nonunion might be diagnosed as early as two or three months.
The term pseudarthrosis should be applied to those cases
of nonunion in which a distinct false joint is found at
the seat of fracture.
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Recognition o::' a ste.te of nonunion does not
present any serious di::':'icul ty in those cases which heve
developed the typical pseudarthroeis or false joint.
In such instances the diagnosis ie quite obvious.

A

□ ore

or less di:'ficul t diagnostic problem a.rises when one must
differentie.te between delayed and nonunion in e fracture
which fa.ils to show firm consolidation severel weeks or
months e.fter injury.

This dif':'erentiation is exceedingly

important, for the principle of treatr.ient in each case is
radically different.
In delayed union, pain of varying degrees is
practica.12.y a1vn1.ys present when manipulation of fragments
is attempted, (Henderson 1940),

Tenderness over the frac-

ture site may also be elicited by firm pressure.

In non-

union pain a.nd tenderness are usunlly absent.
The time elapsed following injury may be of'
some importance.

Delayed union usually tendc to be of

shorter duration, but this is not always valid.

It was

mentioned previously that delayed union may exist at the
end of six months or even a year, and nonunion ce.n :'requently be recognized as ee.rly as two months.
The roentgenogram ls perhaps the most valuHble
dlaR;nostic aid.

In delayed union the ends of the frag-
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ments are irregular and fuzzy.

The region is in a rela-

tive state of hyperemia as sugrrested by t~e lescened
density of' the osseous tissue.

The irregular and fuzzy

appee.rance of the fracture ends is evidence that bony
trabeculae ere extending into the procallus in an attempt
to bridge the fracture gap.

Occasionally one may see Em

exuberant overgrowth of callus, (Henderson 1940).

In

nonunion the :'racture ends are round end regular, indicating that the process of bone formation has ceased.
The avascularity of the bone fragments is evidenced by
the sclerosis adjacent to the fracture gap.
la.ry canal is plug~ed

\.71 th

:'rom the fracture ends.

The medul-

dense bone :'or some distance

The cortex may eppear thinner

than normal, while the medullary spaces are wider.

There

is an absence of normal subperiosteel bone across the
fracture gap, •,11:hich ls the most outstanding :'eature,
(Hit zrot 1926).

6.

INCIDENCE

A century ago nonunion followin~ fractures
was only infrequently reported.

It was not until the

ninteenth century that statistics began to appear in
the literature regarding the incidence of this condition.
An Edinburgh writer otated that ununited fractures were
so rare that they were regarded as a curiosity by the
surgeons in that region, (Norris 1842).

It must be

remembered that the total number of fractures seen a
century

ago hardly compares with the frequency with

whic'l-i they are encountered at the present time, (Campbell.1924).

Obviously, the number of nonunions was

proportionally less.
Walker of Oxford, (Malgaigne, 1859), believed
that the frequency of nonunion would not exceed sixtenths to eight-tenths per-cent of all fracture CB.ses.
Pierson, (Malgaigne, 1859), placed the figure at threetenthq percent, while Lonsdale, (ibid), encountered but
I.

two/percent nonunion in his series of fr2.ctures.

Ham-

,
mlck, (ibid), remarked the.t trie had seen only two cases
.

in his entire practice, while L1ston attended but one.
Malgaigne, (1859), ha.d eleven ca.ses of his own.

In the

records of the Pennsylvania Hospital in Philadelphia
there was found from 1830 to 1840 a total of nine hundred
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and forty-six fractures e.rncng which were thirteen nonunions, or 1.5%, (Norris, 1842).
Contrary to the observations of the other surgeons of his day, Amesbury of London stated that he had
seen fifty-six cases; and in the following two Yf:3e,rs this
number increased to ninety, (N 0 rris, 1842).

It is dif-

ficult to explain why one surr?;eon chould have seen so
many ununited fra.ctures, in spite of the fact that a large
number had been referred to him.
Hamilton, (1866), stated that ununited fractures were u.ncom!:1on end would not exceed two-tenths percent.

Morland reviewed three hundred and sixty-seven

fracture cases attended at the Massachusetts Hospital
end reported nonunion occurring in only three-tenths percent, (Hamj 1 ton 1866).
Newell,(1930), from a series of' four thousand
fractures found only four cases of nonunion, an incidence
of .1%.

Owen, {1932), found in eleven thousand six hun-

dred and eighty-three fractures attended in the Philadelphia General Hospital and Jefferson Hospital from
1921 to 1931 one hundred and one cases of nonunion or
nine-tenthc percent.

In this same report the

author

compared his statistics with those. of von Brun, Scudder
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rnd Hey :1-rove8 vrho listed the inclde:1ce o.s :'i ve-tenth8

perceY1t, two to three percent
respectively.

&1111

four to five percent

Foster, (l'.::)33), inc series o:· three hun-

dred and. four :'ra.ctures found three percent incidence of
nonunion.
The foregoing statistics reveal considerable
variation in the percentage of nonunion following fre.cture.

In gener.e.l, it may be stated that e. slight but

gre_a:ug_l increp_se in the relative frecuc-mcy of this complication hes occurred during the lest century.

The

total inci~ence, on the other hand, has increRsed remarkably, pere.lleling the great rise in the number of
f're.ctures.

Automobiles, :'ast tre_ins And s.irplenes, Pnd

the larp;e ::1anufac turirnr 1ndustr1 es hr:.ve exposed the P.;eneral :)opulFtCe to an ever-increc1.sing number o'!' hazards.
It 1s no vmnder thrit fr&.cturen ht=1.ve 1)ecome commonplace,
and. thet resulta.nt com:::>licatlons are met frequBntly.
The slip;ht but obvious increc:.se in the relative :frecuency
of nonunion might possibly be attributed to the increase
in the severity of injuries, as evidenced by the number
of compounded e.nd multiple fre.ctures, ( Cpmpbell 1924,
1932).

Another import2cnt factor which hes undoubtedly

brought e.bou t an lncre.s.se ln the frequency of nonunion

0,.,
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is th() exectlng mAnipul"'tion required since the introduction o'f' the X-ray machine.

I:Ie.nipuletive procedures

have been resorted to excessively, in an attempt to secure perfect e.ne.tomica.l alignment of the fra.gments.

In-

terference •with the normal delics.te procesfles of rep&ir
results :'rom these rutb..less mec1sures and nonunion is
more 9rone to develop, ( Cernpbell 1?24, 1932).
Numerous stc,tistlcs are ave.ilaole with reg·ara.
to the site of nonunion fractures.
( lc;32), stated.,

11

Sir Astley Cooper,

In all exeminations which I have ir.ede

of trpnsverse frRcturen of the cervix femoris entirely
within the capsulle.r lig:::i.ment, I have never met with one
in Which a bony union hPd taken ple.ce 11 •

Dupuytren,

( 1846), cl.?irned tr..,c. t fracture of the femoral neck united
□ ore

f're'l_uently th2n Coor:,er believed.

In his own experi-

ence he had seen several cases unite firmly.
Norris, ( 1842),

co □piled

:'rom the 1.: terature

a sum·1ery of one hundred and fifty cases o:' nonunion.
The femur and humerus were involved with enual frequency.
The tibia mes the next most cornoon location.

The forearm

we.s involved in nineteen ceses and the jaw in two.
Cheli us, ( 1847), :'ound nonunion of the e.rm to be more
common than that o! the femur.

The tibia ranked third

10.
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in frequency.

Another surgeon reports the relative fre-

quency as :'ollows:

Eumerus--4, :'emur--1, le&r--1, '!'ore-

arm--2, clav!cle--2, rib--1, (Mal~Rigne 1859).

Moore,

-

(1059), in his exner1ence found the thigh, humerus end
:'oref!rm to be equally involved..

Hamilton (lf:366), :found

that ununited frRctures appeared mlth ~reeter frequency
in the humerus than in the :'emur.
•rhe :'orego1ng ste.tistics me.:, be cor:m1?rea_ with
more modern reports.
ing stRtistics:

Estes (1920), published the follow-

In :'ifty cases of fractured humeri,

eight percent resulted in nonunion, all in the mid third.
In this same series sixty-seven cases of fracture involved the re.dius and ulna, with twelve percent failing
to unite.
:t..

In eighty-one frActured fer:1ora., fi:'teen occur-

ed in the neck, twenty-six percent o:!" which culmine.ted

in nonunion.

From this report it can be seen thct even

though the highest percenta~e of nonunion occurred in
!'emorel neck fractures, the e.rm e.nd :'oreo.rm were encountered more frequently.

Henderson in 1926 remerked thet

the middle e.nd lovrer third. o!' the long bones s,.11.ould uresent the p.;reetest number of nonunions Rine e they pre the
most frequent sites of fracture.
In contrast to the previously reoorted incl-

11.
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dence of nonunion of the humerus, Hey 1rovAs (1930), reviewed fifty consecutive CRses of infected open fractures
in which one percent of those treated by
nonunion.

hi □

ended 1n

Gubbins and Scudi=-;ri, (1933), st2.ted that frac-

tures of the humerus constituted five percent of e.11
frectures.
frequent

Nonunion and delpyed union ,~rere the most

c □ mplicRtions,

occurring in three percent of

their ceses.
Among the fractures of the forearm seen at the
Llayo Clinic froCT 1920 to 1935, there Tiere encountered
ei~hty-six cases of nonunion, (Ghormley 1S41).

Forty-

six occurred in the radius, seventeen in the uln~ ~nd
twenty-three in both bones.

The most frequent site in

which fibrous union developed w2s the lower portion of
the r.sdius and the unper portion of the ulna.
bones ,,,ere involved t!'.le mid portion

WP-S

When both

the predornlrnmt

s1 te.
Few cases of nonunion of the cle.vicle have
been reported, but the condition is seen only rarely.
At the l,1eyo Clinic from 1913 to 1939 there were seen only

twenty cases of ununited :'ractures o:' this bone, (Ghormley end Bleck, 1941).
dle and outer thirds.

All ,,:ere located between the mid-
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Henderson, (1933), presented &n analysis of

221 CRSes of ununitPd fractures.
cluded such

&

Since this ~roup in-

larP:-e n mber end variety of ceses, his

data mey be considered fairly representative of this
type of deformity.

The conclusions which follow Are

based upon his report and conform 0uite well mith the
statistics previously cited.

Ununited fractures were

most frequently encountered in the fer:iur.

Nonunion o:'

the neck predominated over thrit o:"' the she.:'t in the ratio
of four to three.

lJonunlon

of the

tibia

vv&.s

seen more

often than either that of the f emor·el neck or f' emoral

In the tibia the deformity wis most common in

shaft.

the di sta.l portion.

Frs.ctures of the humerus resulting

in nonunion were slightly less numerous than those of
the tibia.

Practically all were ln the middle or lo1ner

y:iortion of the shaft.
Next in frequency ,vere nonunlons of the fore'Ehe re,dius, ( usuelly the d.istal third), we s in-

arms.

volved more often thc:1.n the ulna end 1 t
to find both bones ununited.

s

not uncommon

Patellar fractures result-

ing in nonunion were not as common
arm.

W?

RS

those o~ 'the fore-

Frectures of the clavicle were least encountered

of all.
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L~ ttle need Lie SEtid e.bout sex P.nd e.g;e inci·'

dence of nonunion.

Ununl ted fr2,ctures i7lll necessarily

occur more frequently in males because o~ the total number of fr2ctures bein~ greater in t~is sex.

A review of

the litereture during the lest one hundred yee,rr, will
reveal the rising :'requency of nonunion e.!!long the s.ged.
i.Ialsi;a.igne, (1859), remarked that elderly lndividue.ls
presented the :'ewe ct · number of ununi ted fra.c tures.

Ste.-

tistics show the.t a century Rgo only a. small number of
faulty unions occurred in people pe.st forty yea.rs of a.ge,
(Norris 1842).

In~ series of cases of nonunion reported

by Owen, 1932, the percentage of patients oast :'arty is

twice that of a century a~o.

This discrep~ncy mey be

accounted for by the increise in the span of life end
not by a.ny inherent weakness of the bony e.rchi tecture of
the aged, although t~is may be one of the many contriDut~ng factors.

With the exception of frRctures throu~h

the neck of the :'emur, ununited f're.ctures are relr~tively
no more com::ion in a.dul ts than in children, (Eenderson

1-JeedlAss to se.y, 11 ttle ce.n be ic'.:ained

:'ro □

stPtistlc&.l review that will be of &..ny esP,ista~~ce in
trying to determine the etiology of nonunion.

It has

a

14.
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b·een shown t~l.8t both the youn~ end old su:'fer :'rom t~_is
deformity with approxirnntely the same relative frequency.
Precticell:y eny bone in the body may be involved, although the more :'req_uent sites pre the femur, humerus
and tibia.

One could con6lude from these observations

that there raust be some fnctor cor:1111011 to e.11 fractures
which tends to produce nonunion rather than a.n e.natomical peculiarity c!1..srs.cteristic of the individu2.l bones.
Evide11c e for either assumption 1.:1111 be presented in
subsequent parR~:raphs.

15.
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A knowledge of the normal process of fracture
repair is essential to an understanding of the dAvelopment of fibrous nonunion.

This process will be desc~ibed

in more or less detail.
The immediate effect of a fracture is the solution of continuity of the tissues at the site of injury.
Hemorrhage occurs from the

]a

cerated vessels of the peri-

orteum, Haversian canals and marrow cavity and from the
vessels of overlying soft tissue.

rrhe blood extrava-

sates beneath the perios teum ab::mt the fractured ends of
the cortical bone and for varying dist~nces into the
medulla.ry portion of each fragment.

With laceration of

the periosteun, blood finds its way into the surrounding
soft uarts.

The extent of the hemorrhage depends upon

the vascularity of the periosteurn and marrow and the
amount of separation of the per1osteum from the cortical
bone which tends to limit the extent of suffusion.
At the time of injury fragments of tissues ma.y
be torn loose from the bone, muscle, fascia, tendons and
nerves and become isolated fragments in the hematoma.
P1Aces of muscle and fascia. may protrude into the fracture
gap as flaps of tissue retaining a porti:m of their blood
supoly.

Interposition of the fragmentary pqrticle, both

16.
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gross and microsconic, between the fracture ends is
auite characteristic and unless of r.assive portion they
do not interfere with the normal process of bone repair,
(Urist and Johnson 1943).
With the coagulation of the bl'.:lod a fibrinous
matrix is laid dovm in and around the fracture site enmeshing the interposed. fragments of necrotic tissue and
joining the fracture ends.

In the first twenty-four

hours an aseptic inflammatory reaction takes place in
all the injured tissues.

Organization of the hematoma

begins with an infiltration of the meshes of fibrin by
polymorphonuclear leukocytes, lymphocytes, macropha~es,
fibrobL9sts from the vascular structure of the injured
tissue--periosteum, marrow and muscle.

In the large

long bones of man, the extreme size of the hemorrhagic
~ass and the large volume of foreign tissue included in
it require considerable time for c,·,:;1olete organization
a.nn absorption of foreign material •. Thirty to sixty

days may elapse before this orocess is completed, during
which time the fibrin and necrotic debris may become
hyalinized and occasionally calcified, (Urist and. JohnAQn,

1943)•
Fibroblastic oroliferation is accomoanied or

17.
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probably preceded by the proliferation of vascular endothelium in the form of fine capillary buds.

As early as

the second day, end buds from the vessels of the periosteum and medulla can be observed about the periphery of
the clot.

These invade the clot and gradually replace

it by a mass of vascular, edematous granul~tion tissue
consisting for the most µart of anastomosing end buds
and ca:pill,9.ry loops.

This constitutes the so-called pro-

callus granulation tissue, which is the sRme in aupearance as in wounds elsewhere in the body.

However, the

undifferentiated connective tissue cells in the fracture
wound exhibit the power to differentiate into osteoblasts and chondroblasts and manifest this ability from
the first few days of healing until the time of union.
More and more of the blood clot becomes organized and replaced by granulation tissue, the outer parts, developing
into fibrous connective tissue, also show differentiation
into fibre-cartilage ana. hyaline cartilage.

The frag-

ments of dead soft tissue and bone, including the necrotic
cortical ends, are absorbed by cellular activity in
various ways characteristic of the different histological
structures of each tissue, (Urist and Johnson 1943).
The organizing blood clot at the site of the

18.
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fracture has been ore0ited with various functions by
numerous investigators.

Bier, (1918), was one of the

first to emnhasize the hematoma as being the stimulating factor in callus formation.

Murray (1941), And

Sterling(1931), have ascribed specific pro◊erties to this
blood clot, such as high acidity, high calcium content
and hypothetical enzymes, all of which are claimed to
play a definite role in callus formation.

As a result

of tissue death and progressive circulatory stagnation
the pH of the local tis: ue fluid becomes acid.
2

,_r{ith

this acidity there oc:::urs during the week or ten days
following injury a decalcificati'.Jn at the fracture site.
Murray (1941), contends tha,t the calcium so removed from
the fracture site and adjacent dead bone accumul~tes in
some undetermined chemical form in this tissue network,
a9parently in connection with the fibrin clot and the
collagen of the undifferentiated new tissue.

This local

accumulati.:>n of calcium begins as early as the fibrin
formation and continues as long as the pH is favorable
for the calcium to go into solution.

As the autolysed

products of tissue death and the products of local
tissue metabolism are slowly dispersed by the increasingly efficient local circulation, there gradually occurs a

19.
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rise in the pH from the acid level.

There is sufficient

evidence to support strongly the sup~osition that as the
pH of the local tissue fluids becomes more alkaline, the

enzyme phosphatase becomes activated causing the precioitation of the calcium salts as complex phosphate compounds
whicl-2. are deposited in the preosseous matrix of undifferentiated tissue, (Murray 1941).

Observation of Urist and

Johnson, (1943), leads them to believe th.9,t the high ca.leium co!'ltent of the clot is due simply to the included microscopic and gross particles of dead bone rather than to
any peculiar biochemical property of the fracture hema.toma..

Contrary to the opinion of Murray, they believe

that only a small portion of the calcium is derived from
the local transfer of bone salt and that the humeral
transport of the mineral is most i~portant in the healirg
of fractures in normal individuals under normal dietary
condit1ons.
The process of fracture repair has been described througr: the stage 0f procallus formation.

Before

diseussing the transformation of the proca.llus into the
fibrocartilaginous and bony callus, it would be vrell to
review the theories and known facts regarding the origin
of new bone.

20.

THE ::ORJ:.:IAL PROCESS OF FRACTUR~ REPAIR

The literature offers an amazing assortment of
widely divergent opinions.

Most of these had their be-

ginning many years ago and have persisted to the present
day as subjects of more or less heated controversy.

About

the middle of the eighteenth century Henri Louis Duhamel,

(1741), experimenting with madder fed animals in the repair of fractures, from his observations, came to the
C'J.1clusion that new bone, not only in its transverse
growth but also during osseous regeneration after fracture, originated from the periosteum.
Albrecht von Haller, (1741), the Swis8 anatomist, directed a flood of criticism toward Duhamel.

In

Haller's opinion, and as all surgeons then bel1eved, the
periosteum was merely

8,

vascular covering sup-:ilying

nourishment to the underlying bone.

He believed that

the arteries were the depositers and builders of bone and
could do so anywhere within the limits of the periosteum.
Thus, with the appearance of Haller and Duhamel there
was brought into existence two schools of thought regarding the osteogenetic function of the ?eriosteum.

And

after two huna..red years, it is still the subject of considerable controversy.
With the advent of the microscope our concep-

21.
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tion of growth maintenance and reproduction of bone was
revolutionized.

Instead of it being a living tissue con-

trolle~ by arteries and lymphatics only, it became an
organization of living units--bone corouscles.

John

Goodsir in i.~45 described these bone cells and attributea
to them :rather than to the periosteum the power of e>steogenesis.

In 186$ Louis Ollier, a French surgeon, used

for the first ti~e periosteum as a graft and found that
it reproduced bone.

He was convinced of the osteogenic

property of this membrane but he also observed that the
marrow 9ossessed this same ability though to a lesser
degree.

Ard.even bone itself tended to reproduce osseous

tissue under certain conditions.

Early in the twentieth

century William MacEwen, (1912), of Glasgow demonstrated
for the first time th~t bone itself could be used as a
graft and that it would grow and reproduce new osseous
tisc:ue.

He believed from his experience tha.t the bone

corpuscles and not the periosteum were the progenitors
of newly formed bone.
In the thirty years thRt have passed since the
publishing of MacEwen I s theory of bone growth and repa,ir
num.,~rous other theories have been offered. to explain the
phenomena of osseous regeneration.

All but one of them
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have been modifications of pre-existing ideas.

This

one theory is a radical departure from all the previously purported facts ana. theories concerning the growth

and regeneration of bone.

It deserves some mention, even

though it has lost much favor in the last few years.
This revolutionary idea has been termed the rnetaplastic
theory of bone formation, and had as its staunchest
suooorters Bancroft, (1922), and Leriche and Policard,
(19215).

The fundamental concept of this doctrine concerned the possibility of other nearby undifferentiated
cells being as capable in the production of bone as the
osteogenic cells of the periosteum and endosteum.

They

believed that bone and cartilaginous tissue should be
considered as derivatives by adaptation of connective
tissue cells.

It was their belief th8.t bone could re-

vert to connective tissue and that cartilage could be
directly transformed into bone by infiltration of calcium
salts.

Bone formation ,;ms regarded by them as a. meta-

morphosis of connective tissue cells reacting to the modification of the medium in which they lived and not the
res11l t of an inl1erent function of specific cells, the
osteoblasts.

In recent years experimentel evidence ~wuld
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suggest that the so-called osteoblasts of the periosteum,
endosteum and Haversian canal do have an inherent ability
to form bone which is not true of the other undifferenti~ted cells of the connective tissue, (Ham 1932).
Bloom and McLean, (1941), have very convincingly demonstrated the histogenesie of osteobli:tsts from the soindleshaped cells of the endosteum in the medullary bone formation in birds.

This observation is applicable to the bone

formation in man.

The spindle-shaped cells in aoposition

with the bone respond to injury by proliferating and developing special features which characterize them
osteoblRsts.

A.S

The osteogenic potency of these undifferen-

tiated connective tissue cells a.9pea.rs to be relative to
their proximity to bone substance.

The exact mechanism

by which these cells are stimulated remains unknown.
S. Annersten, (1940), claims to have obtained from bone
an extract which stimulates osteogenesis and when injected into muscle leads to formation of bone.

This

work suggests that injured bone may liberate a substance
which initiates the prolif,,.,ration of osteoblasts.
The exact function of the osteoblasts is far
from being understood.
the enz;,-me ohosphatase

Robison in 1923, discovered that
W.9.S

oresent in significantly
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greater concentration in areas of bone formation than
elsewhere in the body.

He suggested that this enzyme

was resoonsible for the precipitation of bone salts from
solution in the process of calcification.

The direct

relationship of this enzyme to the presence of cartilage
cells or osteoblasts led to the belief th9. t these ce1ls
may be responsible for the production of the enzyme,
(Fell and Robison 1929).

This 1s certainly a more plaus-

ible explanation of the function of these cells than
that '".rhich attributes to them the specific ability to
secrete or excrete bone salts as a part of their metabolism, (H. D. Kay 1932).
In the uniting of a fracture, it is tol:e understood that calcification is but a structural oroduct of
v~rious complicated growth and regenerative processes.
It is beyond the scope of this paper to discuss this
phase of the physiology of bone repair in detail.

Later

in our discussion on nonunion some of the more irrroortant
factors which tend to influence deposition of calcium
will1::e brought out.
Having in mind some idea of the origin of the
osteoblasts,we may proceed to the next stage in the process of repair.

This step in the reparative orocess of
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fractures, as previously stated,is the transformation
of the procallus granulation tissue into the fibrocartilaginous and bony callus, which develop more or leAs
simultaneously.

The osteogenic cells of the deep or

cambium layer of the periosteum and endosteum may develop into chondroblasts or osteoblasts, (Ham 1932).

In

the event that chond.robla.sts result, cartilage is formed
and endochondral bone formation may ultimately occur.
Osteoblasts give rise to a matrix which i8 calcified in
the same manner as intramembranous bone formation.

The

two orocesses are practically identical as far as the
ultimate bone formation is concerned.

Calcification is

brought about in the same manner, the only difference
being in the type of preosseous matrix.

Under normal

conditions the bone salts are deposited as the matrix
is laid down or very shortly therafter, (Urist and
Johnson 194 3}.
In the granulation tissue of the orocallus,
islands of hyaline fibrocartilage make their apoearmce,
sometimes as early as the first week, and dense fibrous
connective tissue septa conveying the blood vessels
througr: the callus are also present.

This mass of hya-

1 ine and fibrocartilage develops into an irregularly
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shaoed disc between the fracture ends and extends J.ate:!"ally to meet the subperiosteal or external cells being
formed.
The first evidence of new bone makes its apuearance several centimeters from the fracture line directly
beneath the periosteum where it is deflected from the surface of the bone.

It is here that bone formation results

from a direct differentiation of the osteogenic cells
into bone cells or osteoblasts in a process identical
with that seen in intramembranous bone formation.

This

process is closely associated with vascularity; consequently, the first formed trabeculae come to be in the
portion of periosteal proliferation situated close to
the shaft where blood vessels are more numerous.

This

subperiosteal bone is dPposited in a direction toward
the fracture line.

The fibrocartilage in the fracture

gap is encountered about the third week of healing and
is calcified as it comes in contact with the trabeculae.
Bony deposition and the growth of the osseous matrix
occurs in a centripetal direction replacing the fibrocRrtila.ginous callus by a process of intramembranous
or endochondral bone formation depending upon the character of the matrix to be calcified.
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The endosteum lining the marrow cavity and the
Haversian csnals has also an osteogenic function, but
less marked than that observed in the pertosteum.

'r.;'i thin

the marrow cavity, a centimeter or so from the fracture
line, bony trabeculae are laid down in a manner identical
to those of the periosteum.

This growth of bone fills

the marrow cavity near the fractured ends and proceeds
toward the fracture ge.p.

As it comes in contact with tbe

fibrocartilaginous callus the latter is replaced in the
same manner as described above.
From the process of intramembranous bone formation arising between the periosteum of the shaft and the
endosteur::1 of the cancellous bone lining the marrow C/3.Vity ana_ Haversian canals a collar of bone 1s formed arom d

the fracture site enclosing the cortical ends while they
are still sepri.ratect by fibrocartilaginous calJus.

As

described previously, new bone grows inwa.rr1. from this
outer shell to replace the ~emains of the fibrocarti~~ge.
The callus is remodeled and molded continuously by resorption of the new bone tissue along certain lines and
reconstruction of the trabeculae along other lines.

The

forces which govern the resorption and redeposition of
bone are far from being clearly understood.

The so-
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called osteocl~sts are sup~osed to olay an imnortant
role in this resorption process, but the exact mechanism
involved has not been explained.

The existence of such

cells has been denied by numerous investigators, but the
recent expsriments of Bloom, Bloom and lJiacLean, (41),
give convincing evidence that these cells are active
participants in bone resorption rather than passive
elements secondary to bone changes.
The effect

of stress and strain 1s also

supposed to manifest 1 ts elf in the ultmte bony architecture.

Delicate changes in capillary permeability,

alterations in the concentratton of calcium and phosphcrus in the body fluids, local pressure from -oroliferating
cells, and numerous other local variables have been offered as hypothetical explanations for bone resorption.
At any rate the external and intramedullary
bony callus is gradually resorbed until the bone laid
dovm between the cortical ends reaches the density of
the original shaft.

Union occurs when the growth of

bone projected from one fragment meets that from the
other and is reorgs.nized between the cortical ends.
After several months to a year the defect in the origiMl
bone is often so flawlessly repaired that the site of
fracture cannot be detected.
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The pathology of ununited fractures was very
accurately described more than a century ago, (Cooper

1s32, Norris 1842).

Little can be added to this original

work to make it more complete.

The introduction of the

X-ray, however, has provided another means with which
to study this process and it will be discussed presently.
It is generally agreed that fibrous nonunion
is of three distinct types: (1) a firm fibrous union,
(2) a loose fibrous union with or without clefts betwea1
these bundles of dense collagen fibrils, and (3) a
definite pse.udoarthrosis with cartilage and synovial
membrane, (Cowan 192$).
When the fragments are joined together in finn
fibrous union there is usually good alignment with sligi t
separation.

The end of the fragments are either of norm-

al diameter or more often one may be of normal and the
other of increased diameter.

The medullary portions of

the bone ends are usually occupied by dense osseous tissue.

Occasionally the surfaces are jagged or serrated

and the marrow surfaces open.

In this type a fibrocar-

tilage mass caps the ends of the fragments.

The bond

Joining the fracture ends consists of a dense avascular
fibrous tissue.

The bundles of collagen are directed,
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for the most part, parallel t~ the ends of the fragments
or t:r·ansversely to the long axis of the shaft.
can be traced inwara fror,i the oeriosteum.

The fibers

The outer most

fibers unite vri th the periosteum of the fragments and
run in e. direction narallel to the long axis of the bone.
Often there is found enough bone production in ea.ch fra.gment to bridge the gap, (Cowan 192$).

In cases of loose fibrous union the ends of
the fragments present much the same ap!)ears.nce a.s that
just described.

The ends of the fragments, however, in

loose fibrous union are serrated anct the medullary canal
is plugged with bony overgrowth.

The fibers of the dense

nvascular fibrous bond run largely in a direction parallel to the long axis of the fragments and are united to
the bony serrations.

In some cases clefts may be present

in the fibrous tissue, the walls of which are irregular
and ragged, (Cowan 1928).
In the type of nonunion in which a false joint
has aeveloped, the opposing surfaces of the fragments are
irregu'larly concRvo-nonvex.

The concavity is formed by

growth of bone at the 9eri9hery.

Often there is more

bone present tha.n is needed to bridge the fracture gan.
The trabeculae of the ends of the fragments are consid-
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erably thickened.

The medullary cavity is f111e d w·i th

dense bone, and fibrocartilage forms a covering over the
opposing surfaces.

At the periphery, the bones are

united by fibrous tissue which forms the capsule of the
new joint.

Occasionally a synovial-like membrane is

present lining the cavity, which may contain a watery
fluid very similar to true synovial fluid, (Cowan 1928).
One factor common to all the foregoing types
is the separation of the fragments.

This sepa~ation may

vary from 1/g to 1/2 inch or more depending upon the bone
involved.

In the humerus the gaps are widest and

narrowest in the tibia, (Cowan 1928).
'rhe radiographic apoearance of the various
types of nonunion can be surmised from the ahove descriPtion.

The cortex adjacent to the fracture site may be

dense and thick.

The medullary cavity may or may not be

obliterated depending upon the variety encountered.

There

is usually an increase in diameter of one or both fragments.

An occasional isolated nodule of increased den-

sity may be seen in the fibrous bond.

Tnere nay be a con-

vexity of the end of one fragment--usually the upoer--and
concavity of the other; a definite cleft appears between
the two fragments.
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The causative factors of nonunion may be divided
into two groups:
local.

The constitutional or systemic and the

The former grouu includes such conditions as

syphilis, disturbances of calcium and phosphorus metabolisr.1, chronic debilitating diseases, multiple fractures
congenital weakness, etc.

Among the local conditions

which cause or predispose to nonunion may be mentioned
inadequate immobilization and apposition, interposition
of tissue fragments, infection, circulatory disturbances,
etc.
Years ago constitutional factors ~ere regarded
a.s the principle causes of nonunion.

The

11

post hoc ergo

propter hoc 11 type of reasoning led the ancients to believe that all sorts of maladies were responsible for
the failure of fractured bones to unite.

If a woman

were prefnant or nursing her child, nonun1on developed;
her constitutional state was believed to be the cause of
this com~llcation.
More than a century ago some of the more astute
observers became somewhP.t skeptical of the teachings
handed down to them by their forebears, (Norris 1342,
Cooper 1332);

the surgeons saw too many patients with

syphilis, cancer and other debilitating diseases develop
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firm bony union following fracture.

As time went on and

statistics began to appear in the literature, it became
increasingly apparent that ununited fractures were Just
as liable to occur in healthy, robust individuals as in
those afflicted with disease.

Thus, the pendulum gradu-

ally swung in the other direction, as the surgeons began
to investigate the local factors predisposing to nonunion.
That systemic con,.:iitions play some part in the
process of bony repair is not to be denied, but to what
extent is still a moot question.

Syphilis was formerly

believed to be a rather frequent cause of nonunion.

At

the present time its importance is considered practically negligible.

Every now and then there will appear in

the literature a report of a case which can be definitely attributed to the disease, (Sneed 1932'.

Rogers in

his discussion of a paper presented by Campbell, (1937),
related his experiences with fractures ~mong the natives
of a certain tropical island.

He stated that the inci-

dence of syphilis among the natives was approximately
fifty oercent and incidence of malaria, hookworm and
severe anemias even greater, yet nonunion was exceedingly rare and when encountered could be attributed to local
and not systemic disorders.

It is generally conceded by
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all authorities that syphilis olays a very minor and
even doubtful role in preventing the union of fractured
bones.
Congenital deficiency of the osseous system
has been suggested as an etiological factor in a few
cases, (Campbell 1939, Ghormley et all 1941).

There is

no direct evidence available for this contention, but
it should be considered a possibility.
Multiple fractures have frequently been cited
as a predisposing factor in the production of nonunion,
(Shearer 1931, Campbell 1932).

The effect this has on

the individual has not been explained, but the frequency
with which nonunion is encountered in multiple fractures
suggests that some systemic alteration hi=ts occurred.
Some investigators deny that this condition per se has
any influence whatsoever, (Cubbins and Callahan 1936).
Recent studies of blood chemistry have suggested
the uossibility that systemic factors favoring the development of nonunion might manifest themselves in an altera,...
tion of the calcium and phosphorus ratio. .

Petersen,

(1924), determined the blood concentration of these minerals in a large series of fracture cases and found that
a direct relationship existed between the levels of cal-
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cium and. phosphorus and bone repair.

From his observa-

tion he concluded that in order for good bony union to
take place, the product of the concentration of calcium
and phosphorus must be greater than thirty-five.

If it

were between thirty and thirty-five delayed union would
result, and if below thirty nonunion was inevitable.
Henderson, (1923), agreed with JTisdall and Harris, (1922),
after running calcium and phosphorus determinations on
a large series of fracture cases that in all instances
the concentration of minerals were within the normal limits.

Following Petersen's report, Henderson, (1926),

again reoeated the determination of the bone salts in
another series of fractures and nonunions; and in an
attempt to verify the former's theory, his results fluctuated above and below the critical product of thirty in
cases of fractures resulting in union and nonunion with
no apparent direct relationship to either.

Subsequent

writers have agreed with Henderson that the calcium and
phosphorus blood levels have little to do with fracture
healing and are useless in the progress of nonunion,
(Speed 1929, Campbell 1932, Urist and Johnson 194J).
When one considers the well known fact that
rickets does not prevent the bony union of fractures, he
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is inclined to doubt the importance of a disturbance in
the blood calcium and phosphorus concentrations, (Owens

1932).

On the other hand, Henderson (1923), reoorted

three cases of severe g;eneral ized ostei tis fibrosa cystic a
in which union fa.Iled to take place.

Undoubtedly some

relationship must exist between these minerals in the
blood and bone repair, but whatever this may be remains
to be seen.
Other systemic disorders such as chronic debilitating diseases, acute febrile reactions, vitamin
deficiencies and malignant tumors have allooen mentioned
at some time or another by various writers.

Because of

the relative infrequency and doubtful role of these conditions, they will not be discussed further.

After all,

the entire group of consitut1onal or systemic factors are
responsible for no more than one percent of all cases of
nonunion, (Camubell 1932).

As stated previously, the

exact mecm.nism by which the factors exert their influence is not known, but it is entirely possible that they
act only to retard and not to prevent fracture repair,
(Watson-Jones 193~).

37.

LOCAL FACTORS

It

}-99

been known for centuries that local

phenomena are in some v. ay involved in the production of
1

nonunion.

Celsus, the celebrated Roman physician, men-

tioned as the only cause of this condition, inadequate
immobilization of the fractured bones, (Norris 11142).
In the years that followed Pare, Duverny and Dupuytren
have each stressed the importance of local circulatory
changes in normal osseous repair and how interference
with the local humeral factors may lead to failure of
union following fractures, (ibid).

Cooper, (1S32),

strongly contended that local phenomena were definitely
responsible for the failure of union in fractures of
the femoral neck.

He believed that inadequate apposi-

tion, poor nourishment of the capital fragment, and the
presence of synovial fluid were all equally detrimental
to the normal repare.ti ve process.
It was during the nineteenth century that
local factors began to assume the importance they rightly deserved.

By the turn of the twentieth century the

long list of local conditions acclaimed by numerous
investigators was more than complete.

The surgeon was

confronted by a multitude of possible etiological factors
whose relative frequency and importance were mostly a
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ma.tter of conjecture.

During the la.st forty years con-

siderable Drogress has been made with regard to an evaluation of these factors.

Conflicting reports are still to

be found in the literature, but such contradictory ideas
are to be expected when dealing with a problem as dynamic
and complex as osseous regeneration.
In the discussion that follows the various local factors will1:e described separately and their relation and relative importance in the production of nonunion in various sites will be evaluated on the basis of
the evid.ence reported in the literature.

Rather than

present the problem as it occurs in the hip, humerus,
tibia, etc., comparing the factors involved in each
locality, the various local phenomena will be presented
from the standpoint of their relative frequency and importA.nce as it occurs anywhere in the bony skeleton.
By

such a presentation the author believes that a better

evaluation can be obtained by a correlation and comparison of these local processes.
Destruction of Nerve Suooly.
Destruction of the peripheral nerves at the
time of injury has little or no effect on the rate or
quality of callus formation following fracture, (Campbell
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1932).

In practically every case the nerve is trauma-

tized at the site of injury rather than above it.

This

may account for the absence of any apparent effect, ( ib1d ) •
Muscatello and Damaschelli found that after section of
'.)eripheral nerves experimentally there was no apoarent
change in callus formation or consolidation, (Steindler

194-o).
Section of the vasomotor nerves will cause a
local hyperemia in the bone tissue supplied by these
nerves.

An intense decalcification follows, (Leriche

and Policard 1928).

Leriche has reported a case in

,vhich union occurl'."ed after sympathectomy.

Felix pel'."form-

ed ganglionectomies on dogs whose legs had been previously frq_ctured.

More than fifty percent of the sympathec-

tomized animals showed an accelerated rate of repair.
For practical purposes, destruction of nerves is not a
factor in the production of nonunion.

Injudicious Ouel'."ative Procedures
Internal fixation of fractures by means of
metallic plates, screws and wires may infrequently be
the direct cause of nonunion.

When the bones fail to

unite following a more or less difficult operative pro-

4o.

LOCAL FACTORS

cedure, the surgeon is prone to blame the plates for the
poor result.

Occasionally he may be right; in most in-

etances, however, operative procedures of this type fail,

not because of a foreign body reaction to the metallic
plate, screws or wire, but because of an inefficient
application of these materials, (Hey Groves 1925).

Im-

properly applied fixation devices tend to work loose and
thus permit movement between the fragments, (Hey Groves
1925, Watson-Jones 1940).

It is the repeated damage to

the delicate callus through inadequate immobilization
that is actually responsible for nonunion.
Not all instances of nonunion following internal
fixation of the fragments with plates are the result of
poor operative technique.

In the first few days follow-

ing fracture necrosis occurs in the ends of the fragments
comJarable to the degree of interruption of the blood
supply, (Anderson and Burgess 1943).

This is of no clin-

ical im-oorte.nce when the fracture occurs in a highly
vascularized cancellous portion of the bone or in an
oblique plane.

Absorption necrosis is especially demon-

strable, however, in severely traumatized transverse
fractures through the distal third of the tibia or the
mid portion of the shaft, (ibid).

A firm pJate across
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the fracture site, instead of holding the fragments together, will actually hold them apart.

As the absorption

of bone takes place, the olate prevents contact.

Accord-

ing to Anderson and Burgess, (1943), this absorption may
not be evident for weeks or months.

Perfect initial r~-

auction may at the end of the first or second month reveal
a space between the ends of the fragments.

¾6

Spaces of

of an inch or less may lea.d to delayed or nonunion.
In addition to the above factors, oper9.tive in-

terference in the treatment of fractures merely

11

add.s in-

sult to injury", devltalizing the already traumatized
ueriosteum and adjacent soft tirsues.

Unless there are

definite indications for internal fixation, one should
not resort to surgery promiscuously.

Local Infectious Processes.
An infected compound fracture is essentially
similar to an ordinary closed fracture.

The chief dif-

ference between the two is the presence of a hyperemia
of infection superimposed on the hyperemia of trauma.
As a result of the markedly increased blood supuly to the
part, decalcification of the fragments is more marked
than in simple fractures.

This decalcification may lead
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to the ap-oearR.nce of a wide gap between the fractured
ends which is soon invaded by granul~tion tissue.

This

granulation tissue will become calcified if the involved
limb is maintained in adequate and prolonged immobilization, (Watson-Jones 1934).
CamDbell, (1939), on the other hand describes
a slightly different picture.

He states that the pyogen-

ic organisms, their toxins, and the autolytic enzymes of
the polymorphonuclear leucocytes acting on the cartilaginous elements of the callus prevent the formation of an
adequate preosseous matrix.

Inflammatory granulation

tissue invades the area and ultimately develops into
adult fibrous tissue.

When this occurs, fibrous nonunion

exists.
The difference in these two descriptions is
essentially due to the type of treatment instituted in
e~ch case.

Orr, (1929), Watson-Jones, (1934), and numer-

ous other writers insist that infected compound fractures,
with but few exceptions, will result in bony union providing adequate and prolonged immobilization is maintained.

On the other hand, if there has been ineffici-

ent fixation, frequent manipulation of the injured frag~ents or injudicious operative procedures, the end re-
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sult will be like that described above by Campbell.

Interp_o_eition of Tissue
Interposition of tissue 1s r~rely the cause of
nonunion.

In four thousand fracture cases, gross inter-

uosition of fragments was not seen, (Rountree 1939).
Henderson, (1923), on the ~ther hand, states that interposition combined with severe twisting and crushing injuries is one of the most common causes of nonunion.
Lacey, (1929), agreed with Rountree, stating that interposition is not the real problem of nonunion.
Watson-Jones, (1940), believed that interposition was most important in fracture or avulsion of the
styloid process from the ulna, internal malleolus from
the tibia, and the internal epicondyle of the humerus.
With these exceptions, massive interposition of tissue
need not occur, for when traction is applied the interposed fragments are promptly withdrawn, (ibid).
Rountree, (1939), stated that interposition
of the joint capsule probably occurred more often than
has been generally believed, especially following fracture of the femur.
The mechanism by which interposition of
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massive fragments produces nonunion is obvious.

If the

tissue or foreign body, usually muscle or ~eriosteum,
remains between the fracture ends, it acts as a barrier
to invading osteoblasts attempting to bridge the gap.
Occasionally a flap of muscle or periosteum will retain
a portion of its blood supply.

The circulation gradu-

ally diminishes while the tissue flap undergoes fibrous
degenerr,t1on, (Urist and Johnson 1943).

The ultimate

result may be a dense fibrous mass separating the fragments.
Tissue, which has lost its entire blood supply
and is contained as an isolated fragment within the hematoma, will undergo necrosis.

Absorption continues until

the foreign material has been completely removed, {Urist
and Johnson 1943).

Massive Destr-uction of Tissue.
Although massive destruction of tissue is
usually included among the many cgusative factors of nonunion, its importance is usually overestimated, (Newell

1930).

It is obvious that when such destruction involves

the loss of large segments of bone, osseous union will
probably not take place without the intervention of sur-
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gical aid.

This is not as frequently encountered, however,

as severe contusions and lacerations of the adjacent
soft tissue.

The local process involving the formation

of the hematoma beneath the periosteum may be normal;
but the intenAe inflammatory reaction produced in the
surrounding tissue by the excessive damage may bring about subsequent changes interfering with the reparative
process, {Campbell 1932).

There is at first marked in-

crease in the vascular supply to the parts in response
to the intense inflammation.

Large amounts of granula-

tion tissue are formed in and around the fracture site.
With the increase in circulation, atrophy of the fragments
adjacent to the fracture site becomes marked.

In the

absence of a medium of sluggish circulation, bone salts
are not deposited and the procallus granulation tissue
is replaced by adult fibrous tissue which prevents any
further osseous repair, (ibid).
The formation of a large hematoma as a result
of severe damage may inhibit the normal processes.

Auto-

lysis of damaged muscle and hematoma produces an acid
medium within the fracture site which has been shown to
produce decalc1ficat1on of the bone fragments exposed to
the medium.

In addition, this lowered pH inhibits the

/

46.

LOCAL FACTORS

action of the enzyme phosphatase, shown cyRobison and
Soames, 1924, to be actively concerned in ossification.
If new tissue becomes differentiated into adult connective tissue before the pH of tissue fluids has risen to
a point where phosphatase activity is possible, no calc:tum deposition will occur and fibrous union results,
(Murray 1941, Speed 1929).

It has also been sug~ested

that the iron content of the hematoma is a specific
inhibitant to fracture repair, (Cretin 1939).

In thee-

vent that it is not absorbed, bone repair will not take
place and the. fragments will be joined by fibrous tissue.

Seo™tion of Fragments
Separation of the fragments may at times be a
factor in the production of nonunion, (Anderson and Burgess 1943).

It may be caused by the original force of

the injury, by the pull of gravity as in the humerus, or
by contraction of muscles as in fractures of the patella
and olecranon.

Cowan, 192S, believed that this was re-

sponsible for the majority of nonunions which he had seen.
'
In nractically all of his cases he found separation
to

vary from one-eighth to one-half inch or more.

In trans-
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verse fractures of the mid portion of the humerus, the
separation was found to be greatest.

In oblique frac-

tures of the tibia, it was of less degree but still
apparent.
The importance of separation of fragments with
the resultant laceration of the periosteum is seen in
fractures of the patella and olecranon.

Even with slight

separation fibrous union is the rule in these cases, and
it is only after suture of the fibrous periosteum and
the lateral aponeurotic expansions that bony union is
most likely to occur.
Cowan believed that separation of the fragments
allowed the ingrowth of granulation tissue from the periosteum.

He stated that this connective tissue is hardier

than that developing from the medullary portion of the
shaft and can be differentiated from the latter microscopically.

It tends to invade the gap between the frac-

ture ends and organize the clot with greater rapidity
than the more tardy granulations developing from the
vessels of the marrow spaces.

A limiting membrane 1s

thus formed preventing the fusion of the vessels as
effectively as an interposed piece of fascia or muscle.
To what extent this mechanism is involved in
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the uroduction of nonunion depends upon the adequacy of
the treatment instituted.

In fractures involving the

humerus, olecranon and patella treatment should be directed to combat the forces whi.ch tend to cause separation.

When continuous traction is used to maintain re-

duction, overtraction should be carefully guarded against
or separation of the fragments may occur and nonunion
develop in the manner described above, (Anderson and
Burgess, 194-3).

Ana tomica.l Peculia.ri ties
Murray, 1931, stqted that nonunion was a phenomena of certain locat1,1ns in the body and not of individual
patir,nts providing reasonable treatment had been instituted.
Among the anatomical peculiarities w~ich may predispose
to nonunion following fracture, the most outstanding is
the nature of the blood supply to certain bones; namely,
the femoral head, the carponavicular and the tibia.
Since these peculiarities result in vascular chang~s, they
will be dealt with subsequently in the general discussion
of circulatory disturbances.
With the exception of the vascular abnormalities
the femur is the only bone possessing the structure which
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in itself predisposes to faulty union.

The periosteum

of the femoral neck is decidely lacking in the cambium
layer of cells from which the osteoblasts to a large extent are derived, (Phemister 1939).

With little or no

peripheral callus formation, bony union must take place
from the endostia.l tissue.

Unless apposition of the frag-

ments is good, firm union will not develop, (Rountree

1939).
Another factor of importance in the structure
of the femur is the angle between the neck and sha.ft.
Vlhen fracture of the neck occurs, this peculiar angulation causes marked shearing and erosion of the fragments,
(Phemister 1939).

The result is usually considerable dis-

placement of the fragments, which may necessitate operative
reduction in order to secure adequate apposition.

Al-

though these peculiar anatomical features predispose to
nonunion in every case of fracture of the femoral neck,
our present methods of therapy have greatly reduced the
incidence of poor results, (Albee 193$).

Circulatory Disturbances
An adequate blood supply is essential to the
repair of any injury.

In our discussion on bone repair
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it was seen tha.t the formation of callus in the repair
of fractures is directly dependent upon circulation to
the part.

Any interference with this circulation will

result in delayed or nonunion.

Steindler, 1940, stated

that inadequate nutrition is the ~ost important factor
in the production of nonunion.

He believed that damage

to the periosteal vessels is of greater significAnce
than damage to the nutrient artery supplying tte nailllary
portion of the bone.

Sterling in 1939, on the other hand,

found that the loss of the periosteal arteries is compensated for in one week, the metRDhyseal artery in ten days
to t\VO weeks,

and.

the nutrient artery in three weeks.

From this he concluded that the nutrient artery was most
important in supplying nourishment and. the proper medium
for fracture repair.

Many fractures of the humerus re-

sulting in nonunion were attributed to the destruction of
the nutrient artery.
In the lower portion of the tibia, where nonunion is frequently seen, the anterior tibial artery lies
next to the bone with no intervening muscle and supplies
the greater portion of blood to the part.

Inflammatory

edem~following fractures of the lower portion of the
tibia,compresses the anterior tibial vessel decreasing or
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occluding the lu~en.

Circulation to the part is marked-

ly decreased and unless the edema subsides, interference
with callus formation is prone to develop, resulting in
delayed or nonunion, (Lacey 1929)..

It is of great impor-

tance, therefore, to 9revent swelling or inflammation in
the early days of fracture repair; in the event the.t it
does occur room for expansion must be allowed, (Cox 1929).
The carpal naviculAr bone has a peculiar distribution of its blood supply which may account for the
frequency with which nonunion develops at this site
following fracture.

It was shown by Oblitz and Kalbste1n,

193$, that the nutrient vessels of this bone supplied
primarily the distal half.

One-third of the cases studi-

ed had no vessel entering the proximal half, and in twenty percent there was but one very small branch.

In other

words, one-third of these cases had no significant nutrient artery entering the proximal portion.
of this bone usually occur at the

11

Since fractures

waist 11 separating the

proximal and distal fragments, the blood supply to the
proximal fragment would be severed in approximately onethird of the cases.

They were of the opinion that this

peculiarity in the vascul~ture was responsible for many
of the ununited fractures occurring in this bone.
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In ununited fractures of the neck of the femur,
the most universally claimed etiological factor is the
destruction of the blood supply to the proximal fragment,
(Speed 1935, Albee 193s, Phemister 1939).

Much has bee,

said about the inadequacy of the circuL~tion to the head
and neck of the femur.

Through the investiga.tions of

Walcott, Chandler, Krenscher and many others the va~culature of the hip has been worked out, (Rountree 1939).
In brief, it may be said that the chief blood
supply comes from three sources:

First; there are the

branches of the nutrient artery which continue upward
from the shaft into the neck suw~ it w1 th fair s tzed
vessels.

Second;

the capsular arteries which penetrate

the capsule of the joint and enter the neck are of fair
size and appear quite constantly in all specimens.
Third;

vessels contained in the 11gamentum teres and

entering the head.

These are variable in size and not

constantly present.
When fractures of the neck occur with in the
capsule of the joint, the head is deprived of all of its
blood supply except tha.t coming through the ligamentum
teres.

Various attem:rjt'l have been made to evaluate the

anequacy of these vessels.

In approximately fifteen
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percent of Wolcott's cases, the vessels were not sufficient in size to allow the fl ow of mercury through them,
(Albee, 193S).

Investigations of Albee, 193s, suggest

the adequacy of these vessels is o-f little importancB
from a practical point of view.

In four hundred thirteen

reconstruction operations for nonunion, the head of the
femur was removed in each case and examined.

In four

hundred eleven cases the lig~mentum teres appeared to
have been evulsed from the con~id notch.

Albee felt

that this occurred at the time of the original injury
and was the determining factor in the production of nonunion. It can be concluded from the studies on the vascular supply of the femur, that nonunion will result in
those intra~capsular fractures of the femoral neck if
the ligamentum teres is evulsed or if the vessels within
an intact lig~ment are not J:B. tent or are inadequate in
size or number.

Ingdeguate Immobilization
In the opinion of the writer, there are few if
any local causes of nonunion which are ~ore logical and
at the same time universally applicable than inadequate
-mobilization.

For years immobilization has been consid-
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ered one of the c4rdinal principles in the treqtment of
fractures, (Norris .US42, Cooper 1S32, I.Ialgaigne 1~59, etc.)
The manner in which it was carried out only a few decadeE
ago, however, can hardly be compared to the modern literal
interpretation and rigid application of this principle by
most surgeons.
With regard to the relative importance of this
factor in fracture repair, Wat8on-Jones, (1940), states,
"Assuming there is a cont1naus he:riatoma. between the fragments there is only one cause of nonunion and that is
. inadequate immobilization".

Watson-Jones is one of the

most vehement advocates of the orinciple of fixation.
In his opinion, an adequate blood supoly, inaccurate apposition of fre.gments, the physicochemical phenomenum,
the presence of infection, and the age and constitution
of the patient are relatively insignificant.

These local

and systemic factors act only to slow the rate of the
repair process and not to produce nonunion per se,,( Watson-Jones 19t1 :1).
In vlew of the previous discussions, it is di~
ficult to reconcile these statements unless one ~eviews
the orocess of osseous regeneration.

Bone repair from an

histological point of view is an extremely delicate and
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fragile ?rocess.

Repeated injury to the fine anastomo-

tic network of the procallus through motion of the fragments, however slight, makes necessary repair by new
vessel formation, (Cox 1929).

As a result the reparative

processes in the interior of the callus are retarded,
while at the periphery granulation tissue is progressing
to adult fibrous tissue.

In due tirre, the latter con-

tracts and in so doing reduces the flow of blood to the
interior of the callus.

Delayed or fibrous union re-

sults.
The reacti~n of the procallus and callus granulation tissue to motion of the fragments, as described
above by Cox, is readily understood.

The question in the

mind of the writer is how much repeated injury from
motion of the fragments can be sustained by the young
tissue of the callus before osseous repair is definitely
retarded or completely stopped?

When movement of the

fragments occurs in extremities of the long bones tbrougp.
inefficient fixation, there seems to be little effect on
the rate of repair; callus is formed rapidly in the cancellous bone, the rate of repair being faster than that
of tissue destruction, (Campbell 1932).

Many investiga-

tors claim that a certain amount of motion stimulates
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osteogenesis, (Lacey 1929, Bankart 1930, Steindler 1940).
It stimulates repair, however, only when it ls in the
direction of the long axis of the fragments.

Shearing

and torsion movements are extremely detrimental to the
im~ature bony trabeculae and may disrupt the early bony
contact between the fractured ends leading ultimately
to delayed or nonunion.

Intermittent preesure, as in

walking, is supposed to be a distinct stimulus for callus formation, and with the aid of external fixation is
advocated for cases of delayed union of the tibia,
(Steindler 1940, Owen 1932, Lacey 1929).
There are those who believe th~t the advantages
of early motion in stimulating osteogen~sis are not great
enough to compensate for the potential danger of non union, (Hey Groves 1925).

Motion of a fractured extremity

hastens repair through increasing the circulation to the
part and not by producing motion at the fracture site.
If motion occurs between the fragments, repair will be interrupted and nonunion may result, (ibid).

It may be

that the motion allowed by the best splint methods avail.able is sufficient, if not too much, to stimulate callus
formation, (Orr 1930, Anderson and Burgess 1943).
There is no better evidence of the importance
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of inadequate immobilization in the production of nonunion than that presented by Watson-Jones, 1934 anc. 1940.
11

It is of considerable significance", he states, "that

fractures which have been the most common sites of nonunion, are precisely those which are most difficult to
immobilize perfectly". (ibid 1933

&

1934).

He pointed

out further that the percentage of bony union following
fractures of the neck of the femur is directly proportional to the completeness of immobilization.

For ex-

ample: with no immobilization none unite; with a Whitman plaster which 1mmob1ltzes to some extent but does
not prevent completely the shearing and rotative strain,

50% unite; with a well placed Smith-Petersen nail,
practically every case unites. (Watson-Jones 1933-34).
about

Nonunion following fracture of the humerus,
ulna, and ca.rposcaphoid are e.lso due to inadeq1-1,1te immobilization.

In these instances, however, it is usual-

ly possible to obtain efficient fixation.
procedures, such as passive

Injudicious

movements to prevent stif-

fening of the joints and too early removal of the cast,
are responsible for most of the failures of bony repair
at these sites.

(Watson-Jones 1933-34).

Whether or not one is in complete agreement
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with Watson-Jones• unitary theory

ot nonunion, he must

admit the rationale of its universal application.
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A detailed discussion of the various methods of
treatment is beyond the scope of this paper.

For the sake

of completeness, however, the essential principles which
apply to most operative procedures will be presented.
Before attempting any curative measures, the
surgeon must be certain of his diagnosis.

This was em-

phasized e~.rlier in the pa.per, but it is deserving of
repetition, for the treatment of delayed and nonunion are
radically different; the reader is referred to the chapter on diagnosis.
The first step of the operative procedure is
the removal of sclerosed bone and fibrous tissue from
within and around the fractured site; an attempt is made
to duplicate the conditiomof a fresh fracture.

Dead,

eburnated bone is removed from the ends of the fragments
and the medullary canal is reamed out until a live, vascular surface is obtained.

Removing the barrier of dead

bone allows for revascularization of the fractured ends
which is necessary for the formation of a new callus.
After an appropriate bed has been made in the
fragments, a bone graft, usually of the "massive onlay 11
type, is placed across the fracture gap in close apposi-
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tion with the underlying bone.

The graft is held firmly

in place by metallic screws, and if properly applied,
should serve to maintain adequate fixation and appositicn
of the fractured ends.

The graft, not only serves to

immobilize the fragments, but also to provide a source
of calcium for the new callus.
Postoperative treatment concerns itself with
but one fundamental principle, and that is prolonged and
adequate irnmobilization until there is clinical and
roentgenographical evidence that bony union has taken
plA.ce.
When discussing the therapy of

a

disease

process, it is customary to present the prophylactic
measures before the curative; the usual sequence has
been reversed in order to emphasize the more important
preventative measures.

It is hardly necessary to re-

peat what has already been said about the relative importance of systemic and local causes.

For all practical

purposes, the prevention of this complication resolves
itself into the treatment of local factors as they exist
in any particular case at any given t 1rne.

Nonunion, as

a complication following fracture, is to be prevented
not by the strict adherence to any one specific rule
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or procedure, but by the ardent observance of all the
cardinal nrinciples in fracture treatment--accurate reduction and appostion, and adequate and prolonged im~obilization.
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SUMIJARY

The author has endeavored to evaluate the
available literature pertinent to the etiology of nonunion following fracture.

It was necessary to review the

process of bone repair in order to interpret and judge
the relative merits of the numerous causative factors
reported in the literature.
Briefly, the conditions causing or predisposing to nonunion may be divided into two large groups,
the local and the systemic.

The latter includes any

COI}-

sti tutional disorder that may inhibit the normal proces~.
of repair, such as vitamin deficiences, febrile reactions,
cachectic diseases, or disturbances in the calciu.~ and
phosphorus metabolism, etc.

Included in the local group

are such conditions as local infectious processes, massive
destruction of tissue, interposition of tissue, anatomical peculiarities, circulatory disturbances, and inadequate immobilization.
The relative importance of these local and systemic groups is apparent when one learns that the incidence of constitutional factors is not more 1iln one percent.

For all practical purposes this group may be rele-

ga~ed to a position of little imoortance.
Among the local factors those which seem to be

SUMI:IARY

of greatest importance and frequency were circulatory
disturbances and inadequate immobilization.

Both factors

are of prime importance in the production of nonunion,
but the author is inclined to give precedence to inadequate immobilization.

Watson-Janee has presented very

convincing evidence that this factor of mobility, except
for rare instances, may be the one and only factor in
the production of nonunion.
If nothing but the following statement be remembered by the reader, the sum and substance of this
thesis will be retained:

Nonunion following fractures

is essentially a local phenomenum independent of age or
constitution and can be prevented by adequate and prolonged immobilization until there is clinical and roentgenographical evidence of bony union.
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